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SUMMARY 

bY 
V.V. Vi tkevich  & 
V. I .  Vlasov 

T h i s  work d e s c r i b e s  t h e  u s e  o f  a r a d i o a s t r o n o m i c a l  method 
as means o f  s o l a r  wind measurements .  It has  t h e  advantage  o v e r  
s t a n d a r d  r o c k e t  methods i n  t h a t  i t  a l l o w s  t o  o b t a i n  t h e  charac-  
t e r i s t i c s  o f  t h e  inhomogenous e l e c t r o n  component. A f t e r  unam- 
b i g u o u s  d e t e r m i n a t i o n  o f  t h e  d i f f r a c t i o n  p a t t e r n  o f  l i n e a r  d i -  
m e n s i o n s ,  i t  becomes p o s s i b l e  to d e r i v e  t h e  e l e c t r o n  concentra -  
t i o n .  

* 
* * 

The i n v e s t i g a t i o n s  of r ap id  i n t e n s i t y  v a r i a t i o n s  ( s c i n t i l -  
l a t i o n s )  of r a d i o  emission from sources  with s m a l l  angular  d i -  
mension [ 1 , 2 ] ,  conducted s ince  1 9 6 5  a t  the Radioastronomical 
Laboratory of t h e  Lebedev I n s t i t u t e  of Physics ,  w e r e  t h e  o b j e c t  
of f u r t h e r  development. The s c i n t i l l a t i o n s  a re  r e g i s t e r e d  simul- 
taneously a t  several po in t s ,  removed from each o t h e r  a t  s p e c i f i c  
d i s t a n c e s .  I f  t h e  i n v e s t i g a t i o n s  a t  one p o i n t  permit ted t o  obta in  
only t h e  measure and t h e  s c i n t i l l a t i o n - p e r i o d ,  several ones make 
it p o s s i b l e  t o  determine independently t h e  dimension and t h e  d i -  
r e c t i o n  of motion v e l o c i t y  of t h e  d i f f r a c t i o n  p a t t e r n  (consequently 
also of plasma inhomogeneity), as w e l l  as t h e  characteristic d i -  
mensions, shape and o r i e n t a t i o n  of inhomogeneities. 

A t  p r e s e n t  t h e r e  are da ta  on several methods of s o l a r  wind 
measurement. However, radioastronomical  i n v e s t i g a t i o n s  do n o t  
simply complement t h e  p o s s i b i l i t i e s  of these methods, b u t  have 
d i f f e r e n c e  of p r i n c i p l e .  I n  p a r t i c u l a r ,  only t h e  proton component 
of so la r  wind is measured with rocke t  a i d ,  b u t  with t h e  rad io-  
as t ronomical  method w e  ob ta in  t h e  motion c h a r a c t e r i s t i c s  of t h e  
inhomogenous electron-component. Besides, cont ra ry  t o  rocket 
measurements, t h e  radioastronomical method i s  used i n  t h e  inves-  
t i g a t i o n  of very close t o  r a t h e r  remote d i s t ances  from t h e  Sun. 
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The se tup  of the mentioned i n v e s t i g a t i o n s  i s  discussed i n  t h e  
work [3] .* The po in t s  of observat ion a r e  l o c a t e d  a t  t h e  summits 
of an approximately e q u i l a t e r a l  t r i a n g l e  with 220  km s i d e s .  A 
cross-shaped range rad io te lescope  i n  t h e  Ci ty  of Puschino i s  
used f o r  a rece iv ing  antenna a t  one of t h e  po in t s .  Two o t h e r  
rad io te lescopes  w i t h  e f f e c t i v e  antenna a r e a  of about 1 0 0 0  M2 
each are sitiiated i n  the rzgior; cf t h e  c i t i e s  of K a l i n i n  and Pe- 
res lav1 ' -Zalesskiy.  T h e  r e g i s t r a t i o n  i s  made simultaneously a t  
a l l  t h e  p o i n t s .  The synchronization i n  t i m e  i s  ma te r i a l i zed  by 
m e a n s  of continuous r e g i s t r a t i o n  of exact-t ime s i g n a l s  on t h e  
tape.  

The f irst  observat ion of s c i n t i l l a t i o n s  a t  t h e  three p o i n t s ,  
w e r e  conducted by us simultanously i n  September 1 9 6 6  [ 4 ] .  Con- 
t inuous observat ions of sources ES-48 ,  ES-144,  ES-147 and o t h e r s  
have been conducted s ince  March 1967.  The s i m i l a r i t y  method i s  
used f o r  processing.  Only the very d i s t i n c t  s i m i l a r  po r t ions  
of curves obtained a t  t h e  three po in t s  a r e  processed. D e t e r -  
mined by t h e  c h a r a c t e r i s t i c  po in ts  on these curves,  f o r  example, 
by t h e  maxima and minima of t he  amplitude f l u c t u a t i o n s  a r e  t h e  
relative temporal s h i f t s .  The d i r e c t i o n s  and magnitudes of 
d i f f r a c t i o n  p a t t e r n  v e l o c i t i e s  r e l a t i v e  t o  observat ion p o i n t s  
are determined by t h e  w e l l  known geometry of p o i n t s ,  and t h e  
ob ta ined  values  of temporal s h i f t s .  The r e s u l t s  presented here- 
wi th  are der ived  from d a i l y  observat ions of t h e  source ES-48, i n  
t h e  f i rs t  h a l f  of t h e  year  1967.  

The average of a day ' s  observat ion of ve loc i ty  vectors i s  
shown i n  Fig.1. T h e  v i s i b l e  p o s i t i o n  of t h e  source i n  t h e  ce- 
l e s t i a l  sphere r e l a t i v e  t o  t h e  Sun v a r i e s  from one day t o  another ;  
a )  is a phase of rapprochement between t h e  discrete source and 
t h e  Sun, b)  i s  a phase of recession.  I t  i s  obvious t h a t  the 
mean rece ived  motion d i r e c t i o n s  are c lose  t o  t h e  r a d i a l  toward 
t h e  s i d e  of t h e  Sun w i t h  ve loc i ty  magnitudes % 200-300 km/sec. 

The dependence of ve loc i ty  d i r e c t i o n  on the d i s t ance  t o  
t h e  Sun, may be seen i n  Fig.  2 ,  where t he  d e f l e c t i o n  A @  i s  shown 
f o r  s e v r a l  p o s i t i o n s  of the source.  Marked by circles are t h e  
mean values  A @  f o r  t h e  values O > 25O and O < 25O r e spec t ive ly .  
I n  t h e  f irst  case A O  = 1 4  2 3 O ,  i n  t h e  second AO = 15 k 7'. 
Thus w e  observe a t  g r e a t e r  d i s tances  a d e f l e c t i o n  of t h e  d i r e c t i o n  
of motion toward t h e  e q u a t o r i a l  region and a t  s m a l l  d i s t ances  
( p o l a r  reg ions)  from t h e  r a d i a l  d i r e c t i o n  t o  t h e  s i d e  of t h e  
Sun 's  line of t h e  pole .  

A histogram of d i f f r a c t i o n  p a t t e r n  v e l o c i t i e s  i s  presented  

* A detailed method and the instrumentaiion will be described 
in the works  of the Institute of Physics in the name of P.N.  
Lebedev, AN SSSR 
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Fig. I .  V a l u e s  o f  v e l o c i t y  v e c t o r s  o f  t h e  d i f f r a c t i o n  
p a t t e r n  d u r i n g  v a r i o u s  d a y s  o f  o b s e r v a t i o n s  ( f r o m  1 5  March  
t o  1 5  J u n e  1 9 6 7 ) .  
v e l o c i t i e s  a t  v a r i o u s  d i s t a n c e s  f r o m  t h e  S u n .  The  s o u r c e  
is E S - 4 8 ,  h 3 , 5  m. 
p r o c h e m e n t ;  b )  i s  a p h a s e  o f  r e c e s s i o n ;  @ = 2 1 ’  i s  t h e  m i n i -  
mum a n g u l a r  d i s t a n c e  o f  t h e  s o u r c e  f r o m  t h e  S u n .  Each  v e c t o r  

is a v e r a g e  o f  a s i n g l e  d a y ’ s  d a t a .  

T h i s  c o r r e l a t e s  w i t h  t h e  i n h o m o g e n e i t i e s ’  

a )  i s  a p h a s e  o f  t h e  s o u r c e - S u n  r a p -  

R--- 
F i g . 2 .  

V a l u e  o f  t h e  d e f l e c t i o n  a n g l e  f r o m  r a d i a l  d i r e c t i o n  o f  
m o t i o n  f o r  v a r i o u s  d i s t a n c e s  $ f r o m  t h e  S u n .  The  s o u r c e  
is E S - 4 8 ,  h 3,5 m. 1967. + A @  Ere t h e  d e f l e c t i o n s  t o w a r d  
t h e  e q u a t o r i a l  p l a n e  a n d  - A 0  i s  t h e  d e f l e c t i o n  t o w a r d  

t h e  l i n e  o f  t h e  p o l e .  
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V- 233 km/sec i n  Fig.3. The mean va lue  of measured 

v e l o c i t i e s  c o n s t i t u t e s  233 km/sec. 
However, it should be noted t h a t  t h e  
measured v e l o c i t y  and d i r e c t i o n  of t h e  
d i f f r a c t i o n  p a t t e r n  is  r e c t i l i n e a r  and 
perpendicular  t o  the  d i r e c t i o n  of 
motion. I f  the angle between t h e m  
c o n s t i t u t e s  $,, it i s  n o t  t h e  t r u e  
ve loc i ty  Vo of t h e  d i f f r a c t i o n  pa t -  
t e r n  t h a t  i s  measured, b u t  t h e  velo- 
c i t y  V = V, c o s  $,, i .e.  on account 

-L- ' values of v e l o c i t i e s  are on the average 
I.'' "" Y--- *w ''* '%m/sec lower than the t r u e  ones. The same 

"4 .Il.ii n 
a I 7- n 

fU - 

5 of t h e  mentioned effect ,  t h e  measured 

circumstance leads  t o  t h e  d i spe r s ion  
increase of measured d i r e c t i o n s  of 
motions. While determining t h e  motion 

.I UhI 
F i g .  3 

Histogram o f  measured ve loc i ty  of inhomogeneities , the  f a c t  
v a l u e s  o f  d i f f r a c t i o n  should be taken i n t o  account t h a t  f o r  
p a t t e r n  v e l o c i t i e s .  inhomogeneities n o t  l y ing  i n  t he  plane 
E S - 4 8 ,  h 3 , 5  m .  1 9 6 7 .  perpendicular  t o  the  l i n e  of s i g h t ,  
V = 233 km/sec i s  t h e  the  measured v e l o c i t y  va lues  are a l s o  

be taken i n t o  account by t h e  i n t r o -  
T h e  expression fo r  a t r u e  

mean v e l o c i t y .  smaller than t h e  t r u e  ones,  which could 

duc t ion  of t h e  e f f e c t i v e  angle Q2. 
v e l o c i t y  value Vt of such inhomogeneities tak ing  i n t o  account t h e  
mentioned e f f e c t s  has t h e  form 

vt = v / c o s  q.J, c o s  $2. (1) 

For our  observat ion c p d i t i o n s  cos Q, cos $ 2  3 0 . 7  - 0.8, 
and, consequently, t h e  m e a n  values  of inhomogeneities'  v e l o c i t y  
i s  280 - 300 km/sec. 

F i g .  4 

V e l o c i t y  dependence on o b s e r v a t i o n  d a t e s  (on angular  d i s t a n c e  
s o u r c e - S u n ) .  h 3 , s  m .  1967 .  V i s  measured d i f f r a c t i o n  p a t t e r n  
o f  v e l o c i t y ;  V t  i s  v e l o c i t y  o f  i n h o m o g e n e i t i e s .  Average f o r  

5 days ( -  65" < AO < + 65') 
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I t  w a s  no ted  i n  t h e  w o r k s  [ 4 , 5 ]  t h a t  w i t h  t h e  decrease 
of v i s i b l e  distance of the source from the Sun, increase of 
so l a r  wind veloci ty  i s  observed. H o w e v e r ,  according t o  our 
data  of t h i s  series of observat ion,  as i s  s h o w n  i n  F i g . 4 ,  
there i s  no re l iable  dependence of t h i s  s o r t .  Some v e l o c i t y  
increase i s  observed a t  the  rapprochement of t h e  source w i t h  

dependence i s  n o t  m a n i f e s t .  The veloci ty  decrease i n  the 
nearest region t o  t h e  Sun, i s  seen i n  t h e  s a m e  f igure .  

The l i n e a r  d i m e n s i o n s o f  t h e  d i f f r a c t i o n  p a t t e r n  are 
determined unambigously on t h e  bas i s  of t h e  obtained r e s u l t s ,  
( t h e  m e a n  d is tance L b e t w e e n  m a x i m a  and m i n i m a )  and so  are 
the d i m e n s i o n s  of inhomogeneities.  
i s  980 k m .  T h i s  correlates w i t h  the inhomogenei t ies '  dimension 
(2, = L / 2 . 6 )  of a p p r o x i m a t e l y  380 km. Now i t  i s  possible t o  
f i n d  e lectron concen t r a t ions  (o r  t o  be m o r e  precise, t h e i r  
excess over the m e a n  value).  C o m p u t a t i o n s  of [61  y i e l d  the  
va lues  AN % 2*10"* fo r  @ Q 4 0 " .  

the sun, b-ui i i i  i;iie secoi-ld (so-crce rec,=ssioE) such 

T h e  mean value of L = V t  

The authors  express t h e i r  profound g r a t i t u d e  t o  acad. 
N.G. B a s o v  for t h e  a t t e n t i o n  and s u b s t a n t i a l  h e l p  i n  carrying 
o u t  the p r e s e n t  work. 

* * * THE END * * * 
I n s t i t u t e  of P h y s i c s  i n  
t h e  name of N . P .  Lebedev 
A c a d e m y  of Science SSSR. 

Manuscript  received 
13  November, 1 9 6 7 .  
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